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DESCRIPTION 

ANTENNA MATCHING APPARATUS 

5 Technical Field 

[0001] The present invention relates to an antenna 
matching apparatus suitable for use in, for example, a 
radio communication apparatus such as a cellular phone 
se t . 

10 

Background Art 

[0002] FIG.l illustrates the configuration of a 
conventional cellular phone set. In this figure, case 
11 is provided with helical antenna 12 outside the case 
15 and helical antenna 12 is connected to matching circuit 
13 inside the case. 

[0003] Furthermore, inside the case, matching circuit 
13 is connected to radio transmission section 15 and radio 
reception section 16 via changeover switch 14. Matching 
20 circuit 13 is normally adjusted so that input impedance 
of helical antenna 12 is matched at an operating frequency 
in a free space . 

[0004] FIG. 2 illustrates an example of a cellular phone 
set shown in FIG.l when placed close to a human body. 
25 Here, the phone set is in a communication state as it 
is placed close to the human body. In this state, the 
input impedance of helical antenna 12 varies drastically, 
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produces impedance mismatching and increases power loss. 
In order to decrease this power loss, an apparatus and 
algorithm for automatically matching the input impedance 
of helical antenna 12 have already been invented (see 
5 Patent Document 1) . 

Patent Document 1: Unexamined Japanese Patent Publication 
No.HEI 8-097733 

10 Disclosure of Invention 

Problems to be Solved by the Invention 

[0005] However, since there is only one helical antenna 
apparatus and the frequency band of the helical antenna 

15 apparatus is narrow, a delay is produced in a converging 
time through control when the transmission frequency is 
quite different from the reception frequency. On the 
other hand, when the transmission frequency is quite 
different from the reception frequency and transmission 

20 and reception are performed simultaneously, there is a 
problem that mismatching occurs in either transmission 
or reception and communication quality deteriorates 
drastically . 

[0006] It is anobject of thepresent invention to provide 
25 an antenna matching apparatus capable of eliminating 
impedance mismatching produced when an antenna apparatus 
mounted on a cellular phone or the like is placed close 
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to a human body in a short time and reducing power loss 
due to impedance mismatching. 

Means for Solving the Problem 
5 [0007] An antenna matching apparatus according to the 
present invention adopts a configuration including a 
plurality of antenna elements, matching sections 
connected to the antenna elements that adjust impedance, 
a first detection section that detects any one of a signal 

10 reflected when power is supplied to the antenna elements, 
reflection coefficient and voltage standing wave ratio, 
a second detection section that detects signals received 
by the antenna elements, a storage section that stores 
control information on the matching sections in a 

15 one-to-one correspondence with the distances between the 
human body and antenna elements and a control section 
that adaptively controls the matching section using the 
control information stored in the storage section so as 
to achieve an impedance matched state . 

20 

Advantageous Effect of the Invention 

[0008 ] According to the present invention, it is possible 
to eliminate impedance mismatching produced when an 
antenna apparatus mounted on a cellular phone or the like 
25 is placed close to a human body in a short time and reduce 
power loss due to impedance mismatching. 
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Brief Description of Drawings 
[0009] 

FIG.l illustrates the configuration of a conventional 
cellular phone set; 
5 FIG. 2 illustrates an example of a cellular phone set placed 
close to a human body; 

FIG. 3 is a block diagram showing the configuration of 
an antenna matching apparatus according to Embodiment 

1 of the present invention; 

10 FIG. 4 illustrates a table stored in the storage section; 
FIG.5A is a flow chart showing a processing procedure 
of the adaptive control section according to the 
embodiment of the present invention; 

FIG.5B is a flow chart showing a processing procedure 
15 of the adaptive control section according to the 
embodiment of the present invention; 

FIG.6A is a flow chart showing another processing 
procedure of the adaptive control section according to 
the embodiment of the present invention; 
20 FIG.6B is a flow chart showing another processing 
procedure of the adaptive control section according to 
the embodiment of the present invention; 

FIG. 7 is a schematic view showing t r an smi s s i on/ r e cept i on 
timing slots ; 

25 FIG. 8 is a block diagram showing the configuration of 
an antenna matching apparatus according to Embodiment 

2 of the present invention; 
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FIG. 9 is a block diagram showing the configuration of 
an antenna matching apparatus according to Embodiment 
3 of the present invention; and 

FIG. 10 is a configuration diagram showing an antenna 
5 matching apparatus according to another embodiment of 
the present invention. 

Best Mode for Carrying Out the Invention 

[0010] Now, embodiments of the present invention will 
10 be explained with reference to the accompanying drawings 
below . 
[0011] 

( Embodiment 1 ) 

FIG. 3 is a block diagram showing the configuration of 
15 an antenna matching apparatus according to Embodiment 
1 of the present invention. In this figure, one end of 
transmission antenna element TA1 is connected to radio 
set case Bl made of a conductor via variable capacitance 
capacitor VC1 and also connected to a central conductor 
20 of a coaxial cable CA1 which is an unbalanced feeding 
line via variable capacitance capacitor VC2 . 
[0012] One end of reception antenna element RA1 is 
connected to radio set case Bl via variable capacitance 
capacitor VC3 and also connected to a central conductor 
25 of coaxial cable CA2 via variable capacitance capacitor 
VC4 . Grounding conductors of coaxial cables CA1 and CA2 
are connected to radio set case Bl . Furthermore, the 
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central conductor of coaxial cable CAl is connected to 
reflected power detection section 102 and the central 
conductor of coaxial cable CA2 is connected to reception 
power detection section 103. Note that variable 
5 capacitance capacitors VC1 to VC4 function as matching 
sections . 

[0013] Radio transmission section 101 performs 

transmission processing such as coding, modulation, D/A 
conversion on a signal to be transmitted to the other 
10 communication party and transmits the signal after the 
transmission processing as a radio wave of transmission 
frequency ft from transmission antenna element T A 1 via 
reflected power detection section 102. 

[0014] When impedance mismatching occurs in 

15 transmission antenna element TA1, reflection occurs at 
the mismatched section, and reflected power detection 
section 102 detects power of the reflected signal. The 
detected value is output to adaptive control section 105. 
[0015] Reception power detection section 103 outputs the 
20 signal received by reception antenna element RA1 to radio 
reception section 104, detects power of the signal 
received by reception antenna element RA1 and outputs 
the detected value to adaptive control section 105. 
[0016] Radio reception section 104 carries out reception 
25 processing such as A/D conversion, demodulation, decoding 
on the signal received by reception antenna element RA1 . 
[0017] Storage section 106 prestores capacitance values 
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(control information) of variable capacitance capacitors 
according to the distances between the human body and 
antenna elements. Storage section 106 also stores 
initial values of variable capacitance capacitors VC1 
5 to VC4 . 

[0018] Adaptive control section 105 measures a detected 
value of reflected power output from reflected power 
detection section 102, reads capacitance values from 
storage section 106 based on the measurement result and 

10 adaptively controls variable capacitance capacitors VC1 
and VC2 using the read capacitance values as initial values 
so that the reflected power become s minimum . Fur the rmore , 
adaptive control section 105 measures the detected value 
of the reception power output from reception power 

15 detection section 103, reads capacitance values from 
storage section 106 and adaptively controls variable 
capacitance capacitors VC 3 and VC4 using the read 
capacitance values as initial values so that the reception 
power becomes maximum. 

20 [0019] This allows impedance matching to be achieved for 
transmission antenna element T A 1 and reception antenna 
element RA1 . 

[0020] Here, storage section 106 will be explained more 
specifically. FIG. 4 illustrates a table stored in 
25 storage section 106. In this figure, the distance between 
the human body and antenna element is assumed to be dj 
(l<=j<=m) and the capacitances of variable capacitance 
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capacitors VC1, VC 2 connected to transmission antenna 
element TA1 are assumed to be Cpt j , Cstj in a one-to-one 
correspondence with dj . Furthermore, the capacitances 
of variable capacitance capacitors VC3, VC4 connected 
5 to reception antenna element RA1 are assumed to be Cpr j , 
Csrj in a one-to-one correspondence with dj . For the 
respective capacitance values shown here, values are 
provided in advance that constitutes impedance matched 
state in a distance between corresponding the human body 
10 and antenna element and capacitance values of the 
respective variable capacitance capacitors are stored 
in a one-to-one correspondence. 

[ 0021] Next, a processing procedure in adaptive control 
section 105 will be explained. FIG.5A and FIG.5B are 
15 flow charts showing the processing procedure of adaptive 

control section 105 according to this embodiment of the 
present invention. In this figure, in step 

(hereinafter abbreviated as "ST") 301, suppose counter 
n is initialized to n=l. 
20 In ST302 , transmission initial values are set. Assuming 
that .yt (n) = {gt (n) }q is a transmission evaluation function, 
the following settings are made . 

(1) Substitute initial value ytO into evaluation function 
value y t ( 0 ) . 

25 (2) Substitute capacitance initial value CptO of variable 
capacitance capacitor VC1 into capacitance value Cpt (0) . 
(3) Substitute capacitance initial value CstO of variable 
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capacitance capacitor VC2 into capacitance value Cst (0) . 
(4) Substitute predetermined capacitance value Cptl when 
n=l into capacitance value Cpt(l) and set the capacitance 
value of variable capacitance capacitor VC1 to Cptl. 
5 (5) Substitute predetermined capacitance value Cstl when 
n=l into capacitance value Cst (1) and set the capacitance 
value of variable capacitance capacitor VC2 to Cstl. 
[0022] In ST303, detected value gt detected by reflected 
power detection section 102 is measured and the measured 
10 value is subs tituted into gt ( 1 ) . In ST304, gt(l) obtained 
in ST303 is substituted into the above described 
transmiss ion evaluation function and yt(l) is calculated. 
[0023] In ST305, Ayt and ACit(n) (i=p,s) are calculated 
by the following expressions: 

15 

Ayt=yt (n-1) -yt (n) ... (1) 

ACit (n) =Cit (n-1 ) -Cit (n) (i=p, s) ... (2) 

[0024] In ST306, using the value obtained in ST305, 
20 Cit (n+1) (i = P/ s) is calculated by the following 
expre s s ion : 

Cit (n+1 ) =Cit (n) + { Ayt/ACit (n) } x6 ( i = p, s) ... (3) 

25 where 5 is an interval (period) for updating a sample 
(detected value gt) and is a value predetermined by the 
speed at which the value of the transmission evaluation 
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function converges and a residual after the convergence. 
[0025] In ST307 , variable capacitance capacitors VC1 and 
VC2 are controlled so as to match Cit (n+1) calculated 
in ST306. 

5 [0026] In ST308, since the capacitance is controlled to 
Cit (n+1) in ST307, yt (n+1) is calculated and yt (n+1) and 
yt ( n ) are compared to determine which is bigger or smaller. 
If yt (n+1) <yt (n) , the process moves to ST309 and if 
yt (n+1) >=yt (n) , the process moves to ST310. When an 

10 iteration count (counter n) is increased according to 
the method of calculating yt(n + l), there is n where 
yt (n+1 ) > = yt (n) and yt (n) becomes minimum at this time. 
That is, reflected signal detected value gt (n) becomes 
minimum. The processing in ST305 to ST307 is repeated 

15 until yt (n) becomes minimum . Whenyt(n) becomes minimum, 
that is, when reflected signal detected value gt (n) 
becomes minimum, transmission antenna element T A 1 is 
impedance -matched . 

[0027] In ST309, counternis incremented and the process 
20 returns to ST305. 

[0028] In ST310, variable capacitance capacitors VC1 and 
VC 2 are controlled so as to match Cit(n) which is 
impedance-matched in ST308. 

[0029] In ST311, Cirj (i=p,s) corresponding to 

25 Ci t=Cit j =Ci t ( n ) (i=p,s) which corresponds to distance 
dj common to C i t =Ci t j =C i t ( n ) (i=p,s) is read based on 
the table shown in FIG. 4 and the process moves to ST312. 
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[0030] Hereafter, adaptive control over reception 
antenna element RA1 will be performed. In ST312, counter 
n is initialized to n=l. In ST313, reception initial 
values are set. Assuming that y r ( n ) = { gr ( n ) } q is a 
5 reception evaluation function, the following setting is 
made using the val ue read from the table in ST. 311 i 

(1) Substitute initial value yrO into evaluation function 
yr (0) . 

(2) Substitute capacitance initial value Cprj of variable 
10 capacitance capacitor VC3 into capacitance value Cpr (0) . 

(3) Substitute capacitance initial value Csrj of variable 
capacitance capacitor VC4 into capacitance value Csr (0) . 

(4) Substitute predetermined capacitance value Cprl when 
n=l into capacitance value Cpr (1) and set the capacitance 

15 value of variable capacitance capacitor VC3 to Cprl. 

(5) Substitute predetermined capacitance value Csrl when 
n=l into capacitance value Csr (1) and set the capacitance 
value of variable capacitance capacitor VC4 to Csrl. 

[0031] Thus, by setting Cirj corresponding to Citj when 

20 an impedance matched state is achieved for transmission 
antenna element TAl to an initial value of adaptive control 
over reception antenna element RA1, it is possible to 
shorten the time required to achieve an impedance matched 
state for reception antenna element RA1 . 

25 [0032] In ST314, detected value gr detected by reception 
power detection section 103 is measured and the measured 
value is substitutedintogr(l) . InST315, gr (1) obtained 
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in ST314 is substituted into the above described reception 
evaluation function and yr (1) is calculated. 
[0033] In ST316, Ayr and ACir(n) (i=p,s) are calculated 
by the following expressions : 
5 Ayr = yr(n-l)-yr(n) ... (4) 

ACir (n) =Cir (n-1 ) -Cir (n) (i = p,s) ... (5) 

[0034] In ST317, using the value calculated in ST316, 
Cir (n+1 ) ( i=p, s ) is calculated according to the following 
10 expression : 

Cir (n + 1) -Cir (n) +{ Ayr /ACir (n)}*5(i=p,s) ... (6) 

[0035] In ST318, variable capacitance capacitors VC3 and 
15 VC4 are controlled so as to match Cir (n+1) calculated 
in ST317. 

[0036] In ST319, since the capacitance is controlled to 
Cir (n+1) in ST317, yr (n+1) is calculated and yr(n+l) and 
yr (n) are compared to determine which is bigger or smaller . 

20 If yr (n+1 ) >yr (n) , the process moves to ST320 and if 
yr (n+1) < = yr (n) , the process moves to ST 3 2 1 assuming that 
the value of the reception evaluation function converged. 
Here, according to the method of calculating yr (n + 1) , 
if the iteration count (counter n) is increased, there 

25 is nwhich corresponds to yr(n+l)< = yr (n) andyr(n) becomes 
maximum at this time. That is, received signal detected 
value gr(n) becomes maximum. Until yr(n) is decided to 
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be maximum, the processing from ST316 to ST318 is repeated. 
When yr (n) becomes maximum, that is, when received signal 
detected value gr (n) becomes maximum, reception antenna 
element RA1 is impedance-matched. 
5 [0037 ] In ST320, count e r n i s increment ed and the proce s s 
returns to ST316. 

[0038] In ST321, variable capacitance capacitors VC3 and 
VC4 are controlled so as to match Cir(n) which has been 
impedance-matched in ST319. Adaptive control on 
10 reception antenna element RA1 ends and adaptive control 
processing is completed. 

[0039] Thus, by carrying out processing through adaptive 
control section 105, final capacitances Cpt(n), Cst(n), 
Cpr(n), Csr(n) are obtained and an impedance mat ched state 

15 is achieved at this time. It is possible to thereby 
correct an impedance difference when the antenna element 
is placed close to the human body during a conversation 
for example, reduce power loss caused by mismatching loss 
and secure good communication quality. 

20 [0040] The above described explanations describes the 
case where the processing procedure of adaptive control 
section 105 is applied to controlling over variable 
capacitance capacitors VC3, VC4 connected to reception 
antenna element RA1 after variable capacitance capacitors 

25 VC1, VC2 connected to transmission antenna element TA1 
is controlled. As shown in ST401 to ST411 in FIG.6A, it 
is possible to control variable capacitance capacitors 



VC1 and VC2 connected to transmission antenna element 
TA1 in ST412 to ST421 in FIG. 6B after controlling variable 
capacitance capacitors VC3 and VC4 connected to reception 
antenna element RA1 . That is, adaptive control section 
5 105 can start adaptive control processing even when 
reception or transmission is in progress. 
[0041] FIG. 7 is a schematic view showing a 

transmission/reception timing slots. In this figure, 
timing slots is comprised of idle slot 501, reception 

10 slot 502 and transmission slot 503 in that order. It goes 
without saying that the above described adaptive control 
processing is performed by reception slot 502 and 
transmission slot 503, but adaptive control processing 
can also be performed by idle slot 501. Idle slot 501 

15 is a slot used for transmission/reception of a control 
signal and when adaptive control processing is performed 
with idle slot 501, it is not necessary to keep or 
communication quality high as in the case of a 
transmission/reception slots, and therefore it is not 

20 also necessary to perform adaptive control processing 
at a high speed. For this reason, it is possible to reduce 
a processing burden required for calculations. 
[0042] Thus, according to this embodiment, variable 
capacitance capacitors for impedance adjustment are 

25 connected to a transmission antenna element and reception 
antenna element respectively, capacitance values of the 
respective impedance -ma t ched variable capacitance 
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capacitors in a one-to-one correspondence with the 
distance between the antenna elements and human body are 
provided beforehand in a table, adaptive control 
processing on any one of the transmission antenna element 
5 and reception antenna element is completed, other 
capacitance values corresponding to the capacitance value 
at that time from the table are read and adaptive control 
processing on the other antenna element using the read 
values as initial values is carried out. It is therefore 

10 possible to achieve an impedance matched state in a short 
time, even when the distance between the antenna elements 
and human body changes and an impedance difference is 
produced, and also possible to reduce power loss caused 
by impedance mismatching and secure good communication 

15 quality . 
[0043] 

(Embodiment 2) 

Embodiment 1 explains the case where impedance matching 
is realized by controlling capacitance values of variable 

20 capacitance capacitors. This embodiment will explain a 
case where impedance matching is realized by controlling 
a voltage applied to a variable capacitance diode. 
[0044] FIG. 8 is a block diagram showing the configuration 
of an antenna matching apparatus according to Embodiment 

25 2 of the present invention. However, portions in FIG. 8 
common totheparts inFIG.3areassignedthe same reference 
numerals as those in FIG. 3 and detailed explanations 



thereof will be omitted . 

[0045] One end of transmission antenna element TA1 is 
connected to a cathode of variable capacitance diode VD1 
at connection point PI and an anode of variable capacitance 
5 diode VD1 is connected to radio set case Bl via 
high-frequency prevention inductor LI connected to 
connection point P31. 

[0046] Furthermore, the one end of transmission antenna 
element TA1 is connected to high-frequency prevention 

10 inductor L2 at connection point PI and high-frequency 
prevention inductor L2 is connected to an output terminal 
of control voltage Vpt of adaptive control section 603. 
[0047] Furthermore, the one end of transmission antenna 
element TA1 is connected to DC voltage prevention 

15 capacitor CI at connection point PI and DC voltage 
prevention capacitor CI is connected to a cathode of 
variable capacitance diode VD2 at connection point Pll 
and an output terminal of control voltage Vst of adaptive 
control section 603 via high-frequency prevention 

20 inductor L3 . 

[0048] An anode of variable capacitance diode VD2 is 
connected to a central conductor of coaxial cable CA1 
via DC voltage prevention capacitor C2 at connection point 
P12 and connected to radio set case Bl via high-frequency 

25 prevention inductor L4 . 

[0049] One end of reception antenna element RA1 is 
connected to a cathode of variable capacitance diode VD3 
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at connection point P2 and an anode of variable capacitance 
diode VD3 is connected to radio set case Bl via 
high-frequency prevention inductor L5 connected to 
connection point P32. 
5 [0050] Furthermore, the one end of reception antenna 
element RA1 is connected to high-frequency prevention 
inductor L6 at connection point P2 and high-frequency 
prevention inductor L6 is connected to an output terminal 
of control voltage Vpr of adaptive control section 603. 

10 [0051] Furthermore, the one end of reception antenna 
element RAl is connected to DC voltage prevention 
capacitor C3 at connection point P2 and DC voltage 
prevention capacitor C3 is connected to a cathode of 
variable capacitance diode VD4 and an output terminal 

15 of control voltage Vsr of adaptive control section 603 
via high-frequency prevention inductor L7 at connection 
point P21. Here, the control voltage corresponds to 
control information . 

[0052] An anode of variable capacitance diode VD4 is 
20 connected to a central conductor of coaxial cable CA2 
via DC voltage prevention capacitor C4 at connection point 
P22 and also connected to radio set case Bl via 
high-frequency prevention inductor L8 . 

[0053] Storage section 601 stores control voltages ( Vpt , 
25 Vst, Vpr, Vsr) which become impedance-matched when the 
antenna element is placed close to a human body and control 
voltages (Vpt, Vst, Vpr, Vsr) which are impedance-matched 



when the antenna element is not placed close to the human 
body as initial values . Furthermore , storage section 601 
also stores a table using control voltages instead of 
capacitance values shown in FIG. 4. 
5 [0054] Input section 602 is provided with a switch and 
button or the like and users change the switch to report 
whether the antenna element is placed close to the human 
body or not to adaptive control section 603. This 
eliminates the necessity for providing any circuit to 
10 decide whether or not the antenna element is placed close 
to the human body and simplifies the circuit 
configuration . 

[0055] Adaptive control section 603 reads control 
voltages stored in storage section 601 according to the 

15 content reported from input section 602 and uses the read 
control voltages as initial values for adaptive control. 
[0056] This allows the difference between the control 
voltage when an impedance matched state is achieved 
through adaptive control and the initial values to be 

20 kept small and makes it possible to shorten the time 
required to achieve an impedance matched state. It is 
therefore possible to secure stable communication 
qua 1 i t y . 

[0057] The processing at adaptive control section 603 
25 only changes the capacitance value explained in 
Embodiment 1 to a control voltage and the rest of the 
processing is the same as that in Embodiment 1, and 



therefore detailed explanations thereof will be omitted. 
[0058] Thus, this embodiment provides a control voltage 
at which an impedance matched state is achieved when the 
antenna element is placed close to the human body and 
5 a control voltage at which an impedance matched state 
is achieved when the antenna element is not placed close 
to the human body as initial values in advance, selects 
initial values depending on whether or not the antenna 
element is placed close to the human body, performs 

10 adaptive control processing using the selected initial 
value. It is therefore possible to shorten the time 
required until an impedance matched state is achieved 
and secure stable communication quality. 
[0059] 

15 (Embodiment 3) 

FIG. 9 is a block diagram showing the configuration of 
an antenna matching apparatus according to Embodiment 
3 of the present invention. However, portions in FIG. 9 
common to those in FIG. 3 are assigned the same reference 

20 numerals and detailed explanations thereof will be 
omitted . 

[0060] One end of transmission antenna element T A 1 a is 
connected to radio set case Bl made of a conductor via 
variable capacitance capacitor VCla and also connected 
25 to a central conductor of coaxial cable CAla which is 
an unbalanced feeding line via variable capacitance 
capacitor VC2a. A grounding conductor of coaxial cable 



CAla is connected to radio set case Bl . Furthermore, the 
central conductor of coaxial cable CAla is connected to 
reflected power detection section 102a. 

[0061] One end of reception antenna element RAla is 
5 connected to radio set case Bl made of a conductor via 
variable capacitance capacitor VC3a and also connected 
to a central conductor of coaxial cable CA2a which is 
an unbalanced feeding line via variable capacitance 
capacitor VC4a. A grounding conductor of coaxial cable 
10 CA2a is connected to radio set case Bl. The central 
conductor of coaxial cable CA2a is connected to reception 
power detection section 103a. 

[0062] Radio transmission section 101a has the same 
configuration as that of radio transmission section 101, 

15 reflected power detection section 102a has the same 
configuration as that of reflected power detection 
section 102, reception power detection section 103a has 
the same configuration as that of reception power 
detection section 103 and reception radio section 104a 

20 has the same configuration as that of reception radio 
section 104. Suppose the value detected by reflected 
power detection section 102a is gta and suppose the value 
detected by reception power detection section 103a is 
gra. Furthermore, suppose a frequency band used by a 

25 combination of transmission antenna element T A 1 and 
reception antenna element RAl is different from a 
frequency band used by a combination of transmission 
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antenna element T A 1 a and reception antenna element RAla. 
[0063] Storage section 701 stores the capacitance values 
of the variable capacitance capacitors connected to 
transmission antenna elements TA1 and T A 1 a and the 
5 capacitance values of the variable capacitance capacitors 
connected to reception antenna elements RA1 and RAla in 
a one-to-one correspondence with the distances between 
the antenna elements and human body. Furthermore, 
storage section 701 also stores the capacitance initial 

10 values of the respective variable capacitance capacitors . 
[0064] Adaptive control section 702 measures detected 
values gt and gta detected by reflected power detection 
sections 102 and 102a, reads the capacitance values from 
storage section 701 based on the measurement results, 

15 and adaptively controls the variable capacitance 
capacitors using the read capacitance values as the 
initial values such that the reflected power becomes 
minimum. Furthermore, adaptive control section 702 
measures detected values gr and gra detected by reception 

20 power detection sections 103 and 103a, reads the 
capacitance values from storage section 701 based on the 
measurement results and adaptively controls the variable 
capacitance capacitors using the read values as the 
initial values so that the reception power becomes 

25 maximum. 

[0065] Thus, according to this embodiment, when a 
plurality of sets of transmission antenna elements and 



reception antenna elements are provided and each set of 
transmission antenna elements correspond to different 
frequencies, it is possible to realize an impedance 
matched state ina short time even when the distance between 
5 the antenna element and human body changes and an impedance 
difference is produced. It is therefore, reduce power 
loss due to impedance mismatching and secure good 
communication qual i ty . 
[0066] 

10 (Other Embodiment) 

FIG. 10 is a configuration diagram showing an antenna 
matching apparatus according to another embodiment of 
the present invention. However, portions in FIG. 10 
common to those in FIG. 3 are assigned the same reference 

15 numerals as those in FIG. 3 and detailed explanations 
thereof will be omitted. FIG. 10 differs from FIG. 3 in 
that the variable capacitance capacitors are substituted 
by capacitance switching sections provided with a 
plurality of capacitors and changeover switches. 

20 [0067] Capacitance switching section 801 as a matching 
section is provided with a plurality of capacitors having 
different capacitance values Cptl to CptN and switches 
between capacitors connected by controlling the 
changeover switch. The same applies to capacitance 

25 switching sections 802 to 804. 

[0068 ] This embodiment can be adapted to above described 
Embodiments 1 to 3 and capacitance switching sections 



801 to 804 are controlled by an adaptive control section. 

[0069] In the above described embodiments, helical 
antennas or whip antennas may be used as the antenna 
elements. The respective antenna elements may have 
5 different resonance frequencies. 

[ 0070] In the above described embodiments, the reflected 
power detection section detects power of a reflected 
signal, but the present invention is not limited to this 
and may alsobe adapted soas todetect anyone of a reflected 
10 signal, reflection coefficient and voltage standing wave 
ratio . 

[0071] Furthermore, the above described embodiments 
explains that when the adaptive control section 
adaptively controls variable capacitance elements so that 

15 the value detected by the reflected power detection 
section decreases or the value detected by the reception 
power detection section increases, the adaptive control 
section completes adaptive control processing on any one 
of the plurality of antenna elements, reads other control 

20 information corresponding to the control information at 
that time from the storage section and adaptively controls 
variable capacitance elements of other antenna elements 
using the read control information, but the present 
invention is not limited to this and it includes a wide 

25 range of cases where variable capacitance elements using 
the control information stored in the storage section 
is adaptively controlled so as to achieve an impedance 
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matched state . 

[0072] A first aspect of the antenna matching apparatus 
of the present invention adopts a configuration including 
a plurality of antenna elements, matching sections 
5 respectively connected to the antenna elements that 
adjust impedance, a first detection section that detects 
any one of a signal reflected when power is supplied to 
the antenna elements , reflection coefficient and voltage 
standing wave ratio, a second detection section that 

10 detects signals received by the antenna elements, a 
storage section that stores control information on the 
matching sections in a one-to-one correspondence with 
the distances between the human body and antenna elements 
and a control section that adaptively controls the 

15 matching sections using the control information stored 
in the storage section so as to achieve an impedance 
matched state. 

[0073] A second aspect of the antenna matching apparatus 
of the present invention adopts a configuration, in the 

20 above described configuration, in which when the control 
section adaptively controls the matching sections so that 
the value detected by the first detection section 
decreases or the value detected by the second detection 
section increases, the control section completes adaptive 

25 control processing on any one of the plurality of antenna 
elements, reads other control information corresponding 
to the control information at that time from the storage 



section and adaptively controls matching sections of 
other antenna elements using the read control 
information . 

[ 0074 ] A third aspect of the antenna matching apparatus 
5 of the present invention adopts a configuration in the 
above configuration, in which the control section 
adaptively controls the matching sections based on a 
transmission evaluation function expressed by a 
predetermined multiple of a function including a 

10 reflected signal detected by the first detection section 
and a reception evaluation function expressed by a 
predetermined multiple of a function including a received 
signal detected by the second detection section. 
[0075] According to these configurations, the first 

15 detection section and second detection section detect 
whether impedance is matched or mismatched and when the 
antenna element is placed close to the human body, for 
example, during a conversation and impedance is 
mismatched, by adaptively controlling the matching 

20 section of any one of the plurality of antennas, it is 
possible to achieve an impedance matched state. Also, 
by adaptively controlling the matching section of the 
other antenna using other control information 
corresponding to the control information at that time, 

25 it is possible to shorten the time required to achieve 
an impedance matched state and reduce power loss due to 
impedance mi sma t ching . 



[ 007 6] A fourth aspect of the antenna matching apparatus 
of the present invention adopts a configuration in the 
above described configuration in which the storage 
section prestores control information that an impedance 
matched state is set when the antenna element is placed 
close to the human body and control information that an 
impedance matched state is set when the antenna element 
is not placed close to the human body and the control 
section starts adaptive control processing using any of 
the control information stored in the storage section 
as initial control information. 

[0077] According to this configuration, initial control 
information is selectively used according to whether or 
not the antenna element is placed close to the human body, 
adaptive control processing is started with a small 
impedance difference, and it is possible to thereby 
shorten the time required to achieve an impedance matched 
state . 

[0078] A fifth aspect of the antenna matching apparatus 
of the present invention adopts a configuration in the 
above described configuration, further including an input 
section whereby the user inputs information on whether 
or not the antenna element is placed close to the human 
body to the control section. 

[0079] According to this configuration, providing the 
input section whereby the user inputs information on 
whether or not the antenna element is placed close to 
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the human body eliminates the necessity for providing 
a circuit for deciding whether or not the antenna element 
is placed close to the human body and realizes a simple 
circuit configuration. 
5 [0080] A sixth aspect of the antenna matching apparatus 
of the present invention adopts a configuration in the 
above described configuration in which a variable 
capacitance capacitor is used as the matching section 
and the capacitance value of the variable capacitance 

10 capacitor is used as control information. 

[0081] A seventh aspect of the antennamatching apparatus, 
of the present invention adopts a configuration in the 
above described configuration in which a variable 
capacitance diode is used as the matching section and 

15 a control voltage to be applied to the variable capacitance 
diode is used as control information. 

[0082] According to these configurations, the variable 
capacitance capacitor or variable capacitance diode is 
used as the matching section and control is performed 
20 using a capacitance value or control voltage respectively, 
and it is possible to thereby achieve an impedance matched 
state . 

[0083] An eighth aspect of the antenna matching apparatus 
of the present invention adopts a configuration in the 
25 above described configuration in which the matching 
section includes a plurality of capacitors having 
different capacitances and a switch section that 



selectively switches between the plurality of capacitors . 
[0084] According to this configuration, it is possible 
to achieve an impedance matched state by selectively 
switching between the plurality of capacitors having 
5 different capacitances. 

[0085] A ninth aspect of the antenna matching apparatus 
of the present invention adopts a configuration in the 
above described configuration in which the antenna 
element includes different resonance frequencies. 

10 [ 0086] According to this configuration, i f t he re s onance 
frequencies of the antenna elements are set for a 
transmission frequency and reception frequency 
respectively, it is possible to shorten the time required 
to achieve an impedance matched state even when the 

15 frequency of transmission is different from that of 
reception and reduce power loss due to impedance 
mismatching . 

[0087] A tenth aspect of the antenna matching apparatus 
of the present invention adopts a configuration in the 

20 above described configuration in which the control 
section performs adaptive control processing in timing 
slots other than transmission slots and reception slots. 
[0088] This configuration makes it possible to reduce 
influences on communication quality compared to a case 

25 where adaptive control processing is performed with 
transmission slots and reception slots and to reduce a 
processing burden required for calculations since the 



necessity for performing adaptive control processing at 
a high speed is not needed. 

[0089] The present application is based on Japanese 
Patent Application No . 2 0 0 3 - 2 9 3 5 1 4 filed on August 14, 
2003/ entire content of which is expressly incorporated 
by reference herein. 

Industrial Applicability 

[0090] The antenna matching apparatus according to the 
present invention has an advantage of eliminating 
impedance mismatching in a short time produced when an 
antenna apparatus mounted on a cellular phone or the like 
is placed close to a human body, reducing power loss caused 
by impedance mismatching and being applicable to radio 
communication apparatuses such as cellular phone sets. 
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